Experiment Procedures
Sites and Sampling ZKHDP is a classical electronic industrial park with good ability to process effluent (more than 90% of wastewater is treated by WWTP), and is crossed by the Maguodu River, which is a portion of the Tonghu, which finally discharges into the Dongjiang -the main source of drinking water for the Pearl River Delta.
All samples were collected in May and October 2011. The sampling sites are shown in Fig. 1 . Water was collected from surface to 0.50 m deep by an aluminous sampler. Sediment is sampled at the top 5 cm layer by a stainless steel grab sampler. Soil was collected by a stainless spatula randomly with sampling size 60 cm×20 cm (wide×depth). Vegetables (water hyacinth and cowpea) also were collected randomly. Before extraction, sediment, soil, and vegetable samples were freeze-dried. The vegetable samples were separated into roots, stems, and leaves.
Chemicals PBDE Standards (BDE28, BDE47, BDE99, BDE100, BDE153, BDE154, BDE183, and BDE 209) were purchased from AccuStandard (New Haven, CT, USA). XAD resins and other organic reagents were obtained from Sigma (USA). Sodium hydroxide, copper, Silica gel, and so on were obtained from Guangzhou Chemical Reagent Factory.
Extraction and Cleanup
The procedures of extraction and cleanup for water samples are presented in detail in a previous study [2] , where: 1) PBDEs in water are absorbed by XAD-2 and XAD-4 resin (1:1 in weight)
2) the resin is eluted with methanol and a mixture of n-hexane and acetone (1:1 in volume) by an ultrasonic bath 3) liquid-liquid back extraction 4) removing water 5) solvent exchanged 6) cleaning up and concentrating Sediment, soil, and vegetable samples were submitted for Soxhlet extraction, which is described elsewhere [3, 14] , with a mixture of acetone and hexane (1:1).
Instrumental Analysis
All samples are detected by GC-MS (Agilent 7890A/5975C) with SIM mode. Mass spectrometer condition is performed by EI (70 eV) with m/z 799. The separation is performed on two capillary columns (BD-5, 15 m×0.25 mm i.d.×0.1 μm film thickness for BDE209; 30 m×0.25 mm i.d.×0.25 μm film thickness for others). The operating parameters of GC-MS have been described previously [15] . Retention time for PBDE congeners are established on standard solutions.
Quality Assurance/Quality Control During monitoring procedure performance and matrix effect, 13 C 12 -labeled BDE are spiked as surrogate standards. For instrumental quality control, different samples are spiked with standards of eight targeted PBDEs. The recoveries for water, sediment (including soil), and vegetables are 83.2-105.3%, 77.1-110.7%, and 70.7-123.4%, respectively. The limit of detection, defined as three times the signal to noise, ranged from 6 pg/g to 82 pg/g for PBDE congeners. Quantification is performed by the external calibration method based on a five-point calibration curve for individual congeners. The correlation coefficients of the calibration curve for eight congeners ranged from 0.9968 to 0.9995. The concentrations of individual congeners in samples are not corrected for the standard and surrogate standard recovery ratios. 
Results and Discussion

Levels
The mean levels of BDE154, Σ 7 PBDE, and Σ 8 PBDE in water are 2.80 ng/ml, 5.50 ng/ml, and 5.52 ng/ml, respectively. Others are shown in Table 1 . The top three PBDE congeners are BDE154 (50.73%), BDE100 (25.28%), and BDE28 (18.23%). The profiles of others are shown in Fig. 2 . The levels of BDE209, Σ 7 PBDE, and Σ 8 PBDE in our report are higher than in the Dongjing River [16] . Furthermore, the PBDEs of the Maguodu enter the Dongjing. The PBDE levels in our report, excluding BDE 209, are higher than those of the Gwangyang Bay in Korea [17] , which is surrounded by industrial complexes for steel, petrochemicals, and so on, from 1.38-to 3,179-fold, and 117-and 41-fold for Σ 7 PBDE and Σ 8 PBDE. At the same time, our report is higher than the Ob and Yenisei rivers in Russia [18] . But it is lower than those of heavy contamination sites: the Pearl River Estuary [19] , a landfill in Cape Town [20] , and an e-waste site in Taizhou [12] . The PBDE level of water is significantly correlated with those of water hyacinth (R=0.325, p<0.05), others are shown in Table 2 . This indicates that the PBDE in water affect water hyacinth significantly. Deposited sediment is suspended for a long time, which could present a contamination degree better than water. The mean levels of BDE 209, Σ 7 PBDE, and Σ 8 PBDE in sediment are 11.08 ng/g dw, 26 .46 ng/g dw, and 37.54 ng/g dw. Others are shown in Table 1 . BDE 209 is predominant with 29.52%. Others are shown in Fig. 2 . Compared with other reports in the world, the Σ 7 PBDE and Σ 8 PBDE levels in our report are higher than in the Xijiang River and the Pearl River Estuary [3] . The PBDE congeners levels, excluding BDE 209, are higher than those of the Dongguan stretch of the Dongjiang River [21] , because Dongguan is the electronic products manufacturing center of the world [3] . Furthermore, the results in this study are higher than those of Bo Sea [15] , the Prédecelle River [22] , and Gwangyang Bay [17] . But the levels of BDE 209, Σ 7 PBDE, and Σ 8 PBDE in our report are lower than those of the Zhujiang River in Guangzhou reach and the Dongjiang River in Donguan reach [3] , Guiyu Town [23] , and the Hyco River [24] . Sediment is significantly correlated with bank soil, water hyacinth, and crabgrass at the 0.01 level, with detailed information shown in Table 2 . This indicates that the levels of PBDE in sediment effect water and the terrestrial ecosystem significantly. The PBDE of sediment around ZKHDP is from the industries in it. Furthermore, PBDE levels of sediment in our reports are higher than many reports in the world, so ZKHDP significantly affects the level of PBDE in sediment.
Soil is an important present index in terrestrial ecosystems. The mean levels of BDE 209, Σ 7 PBDE, and Σ 8 PBDE in bank soil are 10.51 ng/g dw, 11.58 ng/g dw, and 19.46 ng/g dw, respectively; others are shown in Table 1 . The top three PBDE congeners in percentage are BDE 209 (47.58%), BDE 28 (14.81%), and BDE 47 (9.15%); others are shown in Fig. 2 . PBDE levels in our report are higher than those of Chongming Island [25] and the Yellow River Delta [26] . Furthermore, PBDE levels in this paper, excluding BDE183, are higher than those of soil along the Shiawassee River with heavy industries [27] and Tibetan Plateau soil [28] . But the results in our report are lower than those of Dongguan (the world's largest electronic manufacturing base), Foshan (a center of plastics and electronics manufactures), and Zhongshan (a center of textile, garment, and electronic industries) [29] . Bank soil is significantly correlated with sediment (R=0.8002, at 0.01 level), others are shown in Table 2 . This indicates that the level of PBDE in bank soil is significantly affected by sediment, and the PBDE in sediment is from ZKHDP. At the same time, the results in our report are higher than many reports in the world, but lower than some reports on e-waste and high- Fig. 2 . The PBDE level orders of organs is root > stem > leaf. The correlation coefficient of water hyacinth for water and sediment are 0.325 (p<0.05) and 0.739 (p<0.01), which shows that the PBDE in water and sediment significantly affects those of water hyacinth. In the crabgrass, the mean levels of BDE 153, BDE 183, and Σ 7 PBDE for leaf are 7.80, 6.88, and 44.70 ng/g dw, respectively; 6.69, 5.07, and 37.80 ng/ g dw for stem; and 16.28, 14.47, and 95.10 ng/g dw for root. The top three PBDE congeners in the whole are BDE 153 (17.31%), BDE 47 (15.41%), and BDE 183 (15.24%). The profiles of others are shown in Fig. 2 . The PBDE level order of organ is root > stem > leaf. The correlation coefficients of crabgrass for water, sediment, and soil are 0.31, 0.846 (p<0.01), and 0.680 (p<0.01), respectively, which shows that the PBDE in sediment and soil significantly affected those of crabgrass.
There are few reports on vegetables. The PBDE levels, excluding BDE 209, for leaves in our study are higher than those of Solidago altissima and Phragmites australis in Shanghai [30] , and Cinnamomum camphora in Taizhou (e-waste) [31] . The average ΣPBDE level of leaf for water hyacinth is approximately from 2-to 15-fold to Solidago altissima, Phragmites australis, Cinnamomum camphora, and pasture [32] ; and from 3-to 19-fold for crabgrass. All of these indicated that the levels of PBDE around ZKHDP are higher than most reports from around the world. There are no significant predominant PBDE congeners in the organs of water hyacinth and crabgrass. It is not consistent with other reports. Some reports [33] showed that BDE 209 is the predominant congener, while some reports [34] regarded that the lower brominated congeners are dominant congeners such as BDE 99 and/or BDE 47. The variations of the congener profile in different plants are due to the difference of species and the living environment. The correlation coefficients of PBDE between sediment and vegetable around ZKHDP show that the vegetable in water and terrestrial ecosystem around ZKHDP are influenced significantly by sediment, which in the case of PBDEs are from the industries in ZKHDP, so ZKHDP affects the PBDE levels in vegetables significantly.
Bioaccumulation
Bioconcentration factor (BCF) is one of the most important indexes to evaluate environmental risk of contamination. The BCF method referred to [35] US EPA (1999).
(1)
...where C root is the concentration of PBDE in root (ng/g dw), and C soil is the concentration of PBDE in soil. For water hyacinth C soil is used by PBDE concentration in sediment, because the solubility of PBDE is very low in water. Furthermore, water hyacinth is corrected near store, most of root of water hyacinth reached sediment. So the concentration of PBDE in sediment is workable.
The BCF of PBDE in water hyacinth and crabgrass presented bioaccumulation levels of vegetable in water and terrestrial ecosystem. The BCF mean of BDE 153, BDE 183 and Σ 7 PBDE for Crabgrass are 7.26, 9.00, and 5.15, respectively; and 7.51, 8.83, and 5.46 for water hyacinth. The BCF of BDE 183 is higher than other congeners in both vegetables. BCF of Σ 7 PBDE for water hyacinth is a little higher than those of crabgrass. But FCF doesn't increase linearly with the level of sediment, because the different species in different environments result in different BCF. BCF in crabgrass, excluding BDE 209 (no detection), is higher than rice near an e-waste recycling site in Qingyuan [36] . Furthermore, crabgrass's BCFs are higher than those of Kandelia obovata and Avicennia marina in BDE 28 and BDE 47 [37] , and tobacco and nightshade in BDE 47, BD 99, and BDE 100 [34] . This indicates that ZKHDP seriously affected the BCF in water and terrestrial ecosystems.
BCF are calculated by the data from Table 3 , which mean the level of PBDE of root from Water hyacinth and Crabgrass.
Environmental Risk
Assessment of PBDE in environmental media is a very important method to evaluate PBDE environmental risk. PBDEs in the environment are from commercial penta-BDE, octa-BDE, and deca-BDE. There are no PNEC for each PBDE congener. The report of Guardia et al. [38] indicated that the main congener of commercial penta-BDE, octa-BDE, and deca-BDE are BDE-47, -99, -100; BDE-153, -183, -197; and BDE209, respectively. Here BDE-28, -47, -99, -100; BDE153, -154,-183, and BDE209 presented penta-BDE, octa-BDE, and deca-BDE, respectively.
Sediment is an important index to assess environmental risk. We Estimated hazard quotients (HQ) of sediments by the EPA (1994) [39] . (2) ...where C is PBDE concentration, PNEC is predicted noeffect concentrations [39] (EPA, 1994), and PNEC of penta-BDE, octa-BDE, and deca-BDE are 0.031, 9.10, and 76 mg/kg [40] . For interpretation, an HQ<0.1 indicates no hazard, 0.1-1 a low hazard, 1-10 a moderate hazard, and >10 a high hazard [41] . The mean HQs (Table 4) of penta-BDE, octa-BDE, and deca-BDE in sediment are 0.25, 0.04×10 -2 , and 0.04×10 -2 , respectively. The ΣHQ ranged from 0.16 to 0.31 with mean 0.25 (HQ is between 0.1 and 1.0, which indicates low environmental risk), which showed low environmental risk for PBDE. The HQs of penta-BDE, octa-BDE, and deca-BDE in our report are higher than those of the Huangpu River, Suzhou Creek, and Yunzao Creek (excluding the HQ of octa-BDE in Suzhou on the same level) [42] . This indicates that the HQs of the Maguodu River are higher than the Yangtze. Therefore, the environmental risk of PBDE in the Maguodu is damaged more seriously by those companies in the ZKHDP.
Conclusion
The PBDEs were detected both in water and on the terrestrial ecosystem, which included water, sediment, soil, and plants (water hyacinth and crabgrass). The levels of sediment were higher than those of bank soil. And the level of water, sediment, and soil in our report were higher than those of some e-waste sites and many other places, but lower than those of heavily contaminated sites. The levels of PBDE congeners (excluding BDE 209) in water hyacinth and crabgrass were even higher than those of plants in e-waste sites, landfills, and so on. In plants, the level of order in organ was root > stem > leaf, which was as other reports, but there were no significantly predominant congeners. The predominant congeners of liquid and solid (sediment and soil) were BDE 154 and BDE 209, respectively. But the predominant congener of plants is BDE 154. The ΣHQs of PBDE of sediment ranged from 0.1 to 1, which indicates lower environment risk. Even the levels of PBDE congeners (more than 90% effluent was treated by WWTP) were not as significant as some reports, but it still showed the significant contamination effect of PBDE from ZKHDP, and was with significant potential environment risk in PBDE.
